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الملخـــص
البصمة
الوراثية باستخدام تقنية التتابعات القصيرة المتكررة (RTS ygolonhceT) 
هي الطريقة اُلمثلى التي ُتستخدم في الأبحاث الجنائية والشرعية التي تتناول 
قضايا الاستعراف والأبوة. تتميز المواقع الوراثية التابعة لهذه التقنية الحديثة 
بطبيعة متـعددة الأشكال في المجتمعـات البشـــرية المختلفة؛ كونها تمتلك وحدة تتابع 
متكــررة تبلغ من 2 إلى 7 أزواج من النيوكليوتيــدات. الحجم الصغير لتلك التتابعات 
المتكررة مكن من إجراء تفاعل البلمرة المتسلسل (PCR) لهذه المواقع الوراثية، ما أدى 
إلى إمكانية تكثير كمية ضئيلة جدًا من الحمض النووي الريبي منزوع الأكسجين، وهذا 
يعزز القدرة على استنباط السمات الوراثية من العينات المفتقرة للحمض النووي.
توظيف البصمة الوراثية باســتخدام تقنية التتابعات القصيرة المتكررة (RTS) في 
قضايا البنوة يمكن أن يؤدي إلى إثبات أو نفي بنوة الأشــخاص إلى آبائهم البيولوجيين 
بدون شك، وبنسبة تأكيد تتجاوز 9999.99 %.
في هــذا البحث، يتم تناول ثلاثة أنواع من القضايــا التي ُتمثل معظم أنواع قضايا 
التنازع على البنوة. في كل قضية، يتم إيضاح دور فحوصات البصمة الوراثية من خلال 
عرض الظروف التي يتم فيها رفع و/أو سحب العينات البيولوجية، تفسير نتائج الفحص 
التي يتم الحصول عليها، وإيضاح الدور المتفرد الذي تلعبه البصمة الوراثية الجسدية أو 
البصمة الوراثية لكروموسوم الذكورة للبت في كل نوع من أنواع قضايا التنازع على البنوة.
الكلمات المفتاحيــة: البصمة الوارثية، قضايا البنوة، المواقع الوراثية الجســدية، المواقع 
الوراثية على كروموسوم الذكورة.
(*) moc.oohay@rm_demha.rd
ورد إلى المجلة بتاريخ ٥١/٦/٣١٠2م، وقبل بتاريخ ٨/4/4١٠2م.
)م٢٠١٤( )ـه١٤٣٥( ضايرلا ٢٦٤ـ٢٤7)٦٠( ددعلا ،٣٠ دلجلما  ـبيردتلاو ةينملأا تاساردلل ةيبرعلا ةلجلما
249 24٨
The Role of Short Tandem Repeat Profiling in
Disputed Paternity Cases
By: Dr. Ahmad Muhammad Refaat
Abstract
STRs are highly polymorphic genetic loci containing repeat units 
range from 2 to 6 base pairs in length. STRs have become popular DNA 
repeat markers because they are easily amplified by the polymerase 
chain reaction without the problems of differential amplification.
Employment of STRs in paternity casescan confirm or deny paternity 
with a percentage of certainty reaches more than 99.9999%. Three 
typesrepresenting the vast majority of disputed paternity cases are 
discussed in this research. In each case, the role of STR profiling 
is explained through presenting the circumstances in which DNA 
samples are taken, interpreting DNA profiling results obtained, and 
expressing the lead of autosomal and/or Y-STR profiling in solving 
each case type.
Introduction:
Human genome is full of repeated DNA sequences. These repeated 
DNA sequences come in all types of sizes and are typically designated 
by the length of the core repeat unit and the number of contiguous 
repeat units or the overall length of the repeat region(2). Long repeat 
units may contain several hundred to several thousand bases in the core 
repeat. These regions are often referred to as satellite DNA and may be 
found surrounding the chromosomal centromere(9). The term satellite 
arose due to the fact that frequently one or more minor satellite bands 
were seen in early experiments involving equilibrium density gradient 
centrifugation(2). The core repeat unit for a medium length repeat, 
sometimes referred to as a minisatellite or a VNTR (variant number 
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of tandem repeats), is in the range of approximately 10–100 bases in 
length(11). DNA regions with repeat units that are 2–6 bp in length are 
called microsatellites, simple sequence repeats (SSRs), or short tandem 
repeats (STRs)(3). The number of repeats in STR markers can be highly 
variable among individuals, which make these STRs effective for 
human identification purposes(11). DNA Profiling using STR technology 
is currently the method of choice in forensic investigations including 
identification and paternity as well.(5) In this study, i will explain the 
different types of paternity cases’ applications focusing on disputed 
paternity cases, and the role of autosomal as well as Y-STR Profiling in 
solving the mystery of each case.
Materials and Methods
This research is done in the DNA Profiling Laboratories in Naif 
Arab University for Security Sciences.
DNA Extraction
Extraction of total human genomic DNA was performed on 
EDTA-Blood samples via Phenol-chloroform isoamyl alcohol (PCIA) 
extraction method according to the following protocol(4):
1. 0.150 μl of EDTA-Bloodsamples wereput into sterile 1.5 ml micro-
centrifuge tubes, each containing 500 μl of extraction buffer (1M 
Tris [pH 8.0], 0.5M EDTA [pH 8.0], 5M NaCl, 20% SDS and deion-
ized H20), and Proteinase K (10 mg/mL), and incubated for 2 hrs.at 
56°C in a shaking heat block.
2. After incubation, samples were centrifuged for 5 minutes at 
17000×g.
3. The clear supernatant,along with an equal volume of phenol:chlo-
roform:isoamylalcohol (25:24:1), was transferred to sterile 1.5 ml 
microcentrifuge tubesand centrifuged for 2 minutesat 17000×g.
4. The aqueous top layer was carefully transferred to Microcon 100 
columns (Millipore, Bedford, MA, USA) pre-moistened with de-
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ionized H2O.
5. The columns were centrifuged at 600×g for 30 minutes. Additional 
centrifugation was added as necessary to filter the entire volume.
6. After the liquid was discarded, deionized H2O was added and the 
columns were centrifuged again.
7. To elute the DNA, 50 μl of deionizedH2O was added to each col-
umn and the column was inverted into a new tube and centrifuged 
at 1200×g for 3 minutes. The column was discarded and the final 
sample volume was brought to 100 μl in deionized H2O.
DNA Quantitation
DNA was quantitated using Quantifiler®Duo DNA Quantification 
Kit according to the manufacturer’s protocol(6) employing 7500 Real-
Time PCR System (Applied Biosystems, Foster City, CA, USA).
DNA Amplification
Extracts were amplified using two STR amplification kits; 
AmpFlSTR® Identifiler™and PowerPlex® Y multiplex systems 
in the Gene-Amp® PCR System 9700 following manufacturer’s 
protocols(7,10). The amount of template DNA added to the reaction 
mixture was dependent upon the Real-Time PCR results, with an optimal 
concentration of (0.5-1.25 ng/μl)and a volume of 10 and 19.45μl DNA 
sample for Identifiler and PowerPlex Y kits respectively.A negative 
control was made with 10 and19.45μl of deionizedwater for Identifiler 
and PowerPlex Y kits respectively. A positive control was made by 
vortexing the tube of 9947A control DNA then pipetting 10 μl into the 
reaction tube containing PCR amplification mix for Identifiler kit, and 
a positive control was made by vortexing the tube of 2800M Control 
DNA, then diluting an aliquot to 0.5ng in 19.45 μldeionized water then 
pipetting 19.45 μl of the diluted DNA into a reaction tube containing 
PCR amplification mix for PowerPlex Y kit.
The amplification reaction for AmpFlSTR® Identifiler™multiplex 
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system was run in the following conditions: 95°C for 11 minutes as an 
initial hold; (94°C for 1 minute; 59°C for 1 minute, 72°C for 1 minute) 
for 28 cycles; 60°C for 60 minutes, and 4°C forever as a final hold(7).
The amplification reaction for PowerPlex® Y multiplex system 
was run in the following conditions: 95°C for 11 minutes as an initial 
hold; 96°C for 1 minute; (ramp 100% to 94°C for 30 seconds, ramp 
29% to 60°C for 30 seconds, ramp 23% to 70°C for 45 seconds) for 10 
cycles; (ramp 100% to 90°C for 30 seconds, ramp 29% to 58°C for 30 
seconds, ramp 23% to 70°C for 45 seconds) for 22 cycles; 60°C for 30 
minutes; and 4°C forever as a final hold(10).
Separation of amplified products
The amplified productswere separated using the ABI Prism® 310 
Genetic Analyzer(Applied Biosystems), following the manufacturer’s 
protocol.
DNA fragment length was determined by ABI’s Genescan® software 
(Applied Biosystems) by comparing samples with the LIZ500 and ILS600. 
Electropherograms were generated and allelic designations were assigned 
using ABI’s Genotyper® software (Applied Biosystems)(12).
Data analysis
The evaluation of the strength of STR Profiling results in all 
types of paternity cases was determined after the computation of some 
biostatistical parameters depending on an existent allele frequency 
database according to the following equations:
1. Paternity Index (PI) = (H+h)/2H for each STR Genetic Locus.
where:
H = Homozygotes (determined from database).
h = Heterozygotes (determined from database).
2. Combined Paternity Index (CPI): = (PI/Locus)(1).
3. Probability of Paternity (POP) = (100) (CPI) (PP) / [(CPI) (PP) + (1 – PP)].
where:
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PP =Prior Probability(represents the social evidence).
CPI = Combined Paternity Index(8).
Results and Discussion     CASE NO 1
A man accused his wife of mistakenly ascribing her new born to 
him.He proved that he was abroad when pregnancy occurred.The court 
transfers the case to the criminal laboratory for investigation.ABO 
Blood Grouping Analysis was done for the mother, the child and the 
alleged father (table 1), and the result was as follows:
Blood Group
Mother O
Child O
Alleged Father A
1
2
3
4
Table 1: Case no1: ABO Blood grouping Results
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According to the ABO Analysis results, the Alleged Father may 
1
2
3
4
1
2
3
4
be the biological father of the child. Since ABO results in this case did 
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not decide whether the Alleged Father is the biological father or not, all 
case samples undergone DNA Typing.
DNA Analysis
DNA Typing was done using Identifiler STR Amplification system 
including 15 autosomal STR loci plus Amelogenin as a gender-determining 
locus, and the results are shown in figures; 1a, 1b, 1c and 1d.
Genotyper plot of each of the four figures; 1a, 1b, 1c and 1d include 
the following panels:
1. Identifiler Allelic Ladder.
2. Alleged Father.
3. Mother.
4. Child.
Fig 1a.Case no1; Autosomal STR Profiling1
Fig 1b.Case no1; Autosomal STR Profiling2
1
2
3
4
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Fig 1c.Case no1; Autosomal STR Profiling3
Fig 1d.Case no1; Autosomal STR Profiling4
Conclusion
By comparing the results of Autosomal STR profiling of the three 
samples: Alleged Father, Mother, and Child, using the Identifiler STR 
Amplification system, and calculating both (Paternity Index / STR 
locus) and (Combined Paternity Index), the Probability of Paternity was 
calculated and it was equal to 0%.
According to the Probability of Paternity(PP) calculated, the 
conclusion in this case was:
‘‘The Alleged Father cannot be the Biological Father of the Child’’.
After this scientific conclusion was set built on (PP) value equals 0%, 
the decision taken by the court in this trial was:
‘‘The Alleged Father isnot the true Father of the Child’’
Returning the papers of the son to the official authorities to sublate the 
paternity of the man to the son of his wife.
CASE NO 2
A prostitutehas had a child claiming that a certain man is the 
biological father of her child, requesting to gain financial support from 
that man and obtaining all legal rights for her child.
When the man was questioned, he denies his paternity to the child, 
expressing that this mother is lying and he never saw her before.The 
court transfers the case to the DNA Profiling laboratory for investigation.
DNA Analysis
DNA Typing was done using Identifiler STR Amplification 
system including 15 autosomal STR loci plus Amelogenin as a gender-
determining locus, and the results are shown in figures; 2a, 2b, 2c and 
2d.
)م٢٠١٤( )ـه١٤٣٥( ضايرلا ٢٦٤ـ٢٤7)٦٠( ددعلا ،٣٠ دلجلما  ـبيردتلاو ةينملأا تاساردلل ةيبرعلا ةلجلما
2٥7 2٥٦
the following panels:
1
2
3
4
1
2
3
4
Genotyper plot of each of the four figures; 2a, 2b, 2c and 2d include 
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1
2
3
4
.reddaL cilellA relfiitnedI .1
1
2
3
4
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3. Mother.
4. Child.
Fig 2a.Case no2; Autosomal STR Profiling 1
Fig 2b.Case no2; Autosomal STR Profiling 2
Fig 2c.Case no2; Autosomal STR Profiling 3
Fig 2d.Case no2; Autosomal STR Profiling 4
Conclusion
By comparing the results of Autosomal STR profiling of the three 
samples: Alleged Father, Mother, and Child, using the Identifiler STR 
Amplification system, and calculating both (Paternity Index / STR 
locus) and (Combined Paternity Index), the Probability of Paternity was 
calculated and it was greater than 99.9999 %.
According to the Probability of Paternity(PP) calculated, the 
conclusion in this case was:
‘‘The Alleged Father can be the Biological Father of the Child’’
After this scientific conclusion was set built on (PP) value reaches 
greater than 99.9999 %, the decision taken by the court in this trial was:
‘‘The Alleged Father isthe true Father of the Child’’
Commanding the father to provide all financial and legal rights to 
his son.
CASE NO 3
A married woman has an intercourse with a man who is not her 
husband, and as a result she becomes pregnant and delivered a son.She 
attributed her son to her husband officially in the birth certificate.When 
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تعفر دممح دحمأ.د ...ةونبلا اياضق في ةيثارولا ةمصبلا رود
2٥٨
her husband doubt, he made semen analysis and the diagnosis was 
Azoospermia.The husband threatened his wife to claim in the court.The 
mother of the child reports her paramour about the threatening of her 
husband to her who in turn killed her husband.
The father of the killed husband prosecutes in the court claiming 
that the child is not his grandchild reporting that the paramour of the 
mother is the true father of the child.The court transfers the case to the 
DNA Profiling laboratory requesting to know if the child is the son of 
the killed husband or not.
DNA Analysis
DNA Typing was done for three blood samples taken from the 
paramour, alleged grandfather, and the child using PowerPlex Y STR 
1
2
3
4
Amplification system including 11 Y-STR loci, to test whether the child 
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and the results are shown in figures; 3a, 3b, and 3c.
1
2
3
4
is the son of the paramour of the mother or the son of the killed husband, 
1
2
3
4
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Genotyper plot of each of the three figures; 3a, 3b, and 3c include 
the following panels:
1. PowerPlex-Y Allelic Ladder.
2. Paramour.
3. Alleged Grandfather.
4. Child.
Fig 3a.Case no3; Y-STR Profiling1
Fig 3b.Case no3; Y-STR Profiling2
Fig 3c.Case no3; Y-STR Profiling3
Conclusion
By comparing the results of Y-STR profiling of the three samples: 
Paramour, Alleged Grandfather, and Child, using the PowerPlex Y STR 
Amplification system,and due to the difference between the haplotypes 
of both the child and the grandfather, the conclusion in this case was:
‘‘The killed husband cannot be the Biological Father of the Child’’
After this scientific conclusion was set, and due to the concordance 
between the haplotypes of both the child and the paramour, the decision 
taken by the court in this trial was:
‘‘The Paramour isthe true Father of the Child’’
Returning the papers of the child to the official authorities to sublate 
the paternity of the killed husband to the son of his wife and accusing 
the paramour by killing the husband.
Final Conclusion
Autosomal as well as Y-STR Profiling can provide the ultimate 
solution for the vast majority of paternity cases in either denying or 
proving paternity.
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